Within recent years, enzymatic methods for the determination of true urate have become available. The introduction of such methods by Blauch and Koch (1, 2) has made it possible to estimate true urate in biological material with a high degree of accuracy (3 to 10).
All uricase methods involve the colorimetric determination of uric acid on two aliquots of a sample, one of which has been treated with uricase to destroy the true uric acid present. The apparent concentration of uric acid in the untreated sample, as determined calorimetrically, is referred to as "total urate"; and the concentration remaining after treatment with uricase is referred to as the "urate-like chromogen" (or briefly, "chromogen"). By substracting the concentration of chromogen from that of total urate, the concentration of "true urate" destroyed by the enzyme is obtained.
Most authors have tacitly assumed that the chromogen was merely an interference with the maximal accuracy of urate determination, but the results we obtained appear to require another explanation. A preliminary report on some of this data has appeared elsewhere (11) and this paper is chiefly concerned with the results of our investigations dealing with the chemical nature and physiological significance of the urate-like chromogen.
METHODS
Total urate, true urate, and chromogen are estimated by our modification of the method of Buchanan, Block, and Christman (3) for the Evelyn photoelectric colorimeter. Details of other chemical and physiological methods and complete data on our normal human subjects and gout patients summarized below will appear in a later publication ( 12 All determinations were done on plasma or serum rather than on whole blood. Although the Folin uric acid precipitation is supposed to be an "unlaked blood" method (i.e. the red cells are precipitated without hemolysis) this is not true (13) . In addition, the red cells contain a large amount of ergothionine which gives considerable urate color. The endogenous origin of chromogen. Table I shows the effect of fasting upon the plasma concentrations of chromogen in man and in the dog. These results, which show that chromogen concentrations do not decline upon fasting, indicate the endogenous origin of this substance or group of substances.
The known rate chromogens. A large number of substances (Table II) are not attacked by uricase but do give color in the uric acid reaction. It is, however, possible to conclude that most of these substances cannot be responsible for the observed plasma concentrations of chromogen.
The non-purine substances with large chromogenic equivalents (ascorbate, resorcinol, cystine, glutathione, and ergothionine) are not present (3, 4) , Booth (29) , and Falconer and Gulland (30) . We have confirmed the chromogenic equivalents for the methyluric acids and for resorcinol reported by Buchanan, Block and Christman (3, 4) . From the observation that uricase action upon uric acid gives rise only to nonchromogenic products, it is inferred that oxyacetylenediurein-carboxylic acid, the chief reaction product (31) , is non-chromogenic.
tThe chromogenic equivalent is the number of milligrams of uric acid required to give a color equal in intensity to that produced by 1 (3, 4) appear to indicate that the endogenous chromogen is not precipitated by their silver reagent which precipitates ergothionine quantitatively.
On the other hand, the methylxanthines of dietary beverages (theophylline, theobromine, caffeine), when oxidized in intermediary metabolism, give rise to methylurates of considerable chromogenic value (4, 14) . Coffee, tea, and chocolate, however, can hardly account for the plasma and urine chromogens in the animal, in the fasting human, or in subjects on a purine-free diet.
One substance may deserve more study than it has yet received. Some years ago, Minkowski and other workers (15, 16) found that when large amounts of adenine were fed to animals, a purine derivative was deposited in the cells of the renal tubule. Raska (17) has recently made a similar observation. Upon analysis, this purine proved to be 6-amino-2,8-dihydroxy-purine. It is known to give color with the uric acid reagents and its precursor, oxyadenine (6-amino-2-oxy-purine), has been found in pig blood (18) . We are aware of no studies indicating either its occurrence or absence in human intermediary metabolism.
It is apparent that if the endogenous chromogen is of purine origin, as we shall attempt to show, it must be very similar to uric acid in order to give appreciable color. The minimum criteria appear to be the presence of 2 oxygen atoms in the 2, 6, and 8 positions with another radical in the third position or 3 oxygen atoms in these loci. Most of the substituted uric acid derivatives, however, give considerably less color than urate itself. The breakdown products of uric acid are not chromogenic, and precursors as similar as the dihydroxypurines also are not chromogenic.
Since it is possible on these most elementary chemical considerations tentatively to eliminate most known urate derivatives, the endogenous chromogen appears to be a substance the composition of which is as yet not known.
Occurrence and distribution of chromogen. In Table III t Average plasma values were obtained on larger groups of subjects, both normal and gouty, than were urine and clearance values. Urine and clearance results quoted were obtained simultaneously and in the same individuals.
$ The data for normal C.S.F. are those for pooled normal fluids (10) .
parent that the chief constituent of the total urate values in human plasma and urine, both in normals and in persons with gout, is true urate. In fact, the proportion of total urate formed by true urate is so regular that it may safely be estimated by a conversion factor. Similarly, there is little difference between the total urate and true urate clearance, a point of importance when considering the results of earlier investigation.
The clearance of chromogen is similar in magnitude to that of true urate, and is reduced in gout as is that of true urate, observations which again point to its resemblance to uric acid and certainly suggest it to be a purine derivative.
However, in normal human cerebrospinal fluid (10) and in dog plasma (19), the situation is somewhat different. Here, chromogen forms over 50 per cent of total urate values, and the ratio of true urate to total urate is sufficiently irregular so that it appears hazardous to employ a conversion factor.
Observations on ultrafiltrates of human plasma ( [10] , Table III) show considerably less plasma binding of chromogen than of true urate, when cellophane ultrafiltration is used as the criterion of binding. Moreover, the C.S.F./plasma ratio for chromogen is considerably greater than for true urate ( [ 10], Table I ).
We have been fortunate enough to observe a patient with chronic monoblastic leukemia and gout who had an output of urate of 2.95 mgm. per minute or about 6 times normal. In this patient, both true urate and chromogen were excreted in increased amounts, the chromogen excretion being about 4 times normal.
Site of origin of chromogen. In the dog, rabbit, and monkey, removal of the liver (or evisceration), is followed by a rise in plasma uric acid owing to the removal of hepatic uricase which normally converts uric acid to allantoin (20 to 24). If the renal pedicles are ligated, or the kidneys removed, excretion of urate and allantoin is prevented, making it possible to study the peripheral production of urate by observation of the plasma uric acid level. In this eviscerated-bilaterallynephrectomized preparation, the rise in plasma urate, at least for the first few hours postoperatively, is linear, indicating that, either reduction of urate to its precursors is not affected by rising plasma levels or that breakdown rates and resynthesis rates are so balanced as to mask this effect.
In the eviscerated-bilaterally-nephrectomized dog (Table IV) , operation is followed by a rise in both true urate and chromogen. This appears actually to depend upon the rate at which urate precursors are made available, since the injection (26) . The results of a typical experiment.
with diodrast are shown in Table V . The chromogen content of a gouty tophus. Because of the many similarities in the physiological behavior of true urate and chromogen, we were interested to see whether chromogen, like true urate, is deposited in the gouty tophus.
A large surgically removed tophus was made available for analysis.2 This analysis (Table VI) was distinctly surprising in that it showed the virtual absence of chromogen. Apart from its physiological importance as differentiating the behavior of true urate and endogenous chromogen, this finding appears possibly to have practical significance in the management of gout. Ordinarily, coffee, tea, and chocolate are forbidden to the gout patient because it is commonly supposed that they may give rise to uric acid and so increase tophaceous deposits. Actually, the methylxanthines of these beverages are metabolized to methylurates (3, 4, 14) ; these substances are not attacked by uricase and are therefore chromogens. Since, apparently, no chromogenic substance is deposited in the gouty tophus, it is obvious that the methylurates of exogenous origin do not contribute to tophus formation, and need not be eliminated from the diet on this account. DISCUSSION We may now briefly summarize our present data on the endogenous uric acid-like chromogen. This substance (or substances) is shown to be endogenous in origin since its plasma concentration and urine output are not markedly diminished by fasting. It originates spontaneously with urate in' the peripheral tissue of the dog and may be formed from xanthine or hypoxanthine by the peripheral tissue of the dog. In man, who lacks uricase and appears to be comparable to the hepatectomized dog, chromogen is also formed from ingested urate precursors, as is true urate. However, injected urate also leads to chromogen production so rapidly as to suggest an enzymatic conversion. The data permit no conclusion as to whether the conversion of endogenous chromogen to urate is reversible physiologically; although it is clear that neither conversion occurs in vitro.
Data on a patient with leukemia and gout indicate that when urate is overproduced, chromogen is also overproduced. The chromogen clearance is of the same order of magnitude as the true urate clearance in man; and both are decreased in gout. Furthermore, the uricosuric drugs which increase urate excretion also increase chromogen excretion.
Thus, there are many resemblances between the behavior of true urate and of chromogen, but there also are some differences. Unlike true rate, chromogen is not attacked by uricase. It appears to be somewhat more freely ultrafiltrable from plasma through cellophane than is true urate ( [10] , Table III ). It is not deposited in the gouty tophus (Table VI) . There is a suggestion that, unlike urate, it is not precipitated by silver reagents (4) . A critical survey of the known purine derivatives which might satisfy these criteria reveals that none appears to be satisfactory. A possible exception is 6-amino-2-8-dihydroxypurine, but so little is known of the physiology of this substance that a decision as to its importance cannot be reached.
In 1939, Ball (27) reported that the endproduct obtained when purified xanthine oxidase acted upon hypoxanthine was a substance not attacked by purified uricase, in spite of the fact that the oxygen consumption was that predicted for uric acid formation. If either crude xanthine oxidase or crude uricase were substituted for the pure enzyme in this experimental system, the reaction continued to completion.
The work of Ball is reminiscent of the much older suggestion of Gudzent (see 13) that both the lactam and lactim tautomers of uric acid might be stable enough to coexist in biological fluids under certain circumstances. It is true that Ball's experiment required extremely precise conditions and, while this is undeniably an objection, it does indicate that in a suitable biological system in vitro, there may be a tautomer of uric acid which is not attacked by uricase. Guanase may possibly have such a selective action; this was suggested by the finding that it attacks the methylated derivatives only of the lactam tautomer of guanine (28) . A more pertinent objection to identifying Ball's substance with our endogenous chromogen lies in the fact that our chromogen is not attacked by the uricase we use, which is a crude, defatted, kidney extract. At present, our feeling is that the chromogen is more likely to be a tautomer of urate than a substance such as 6-amino-2,8-dihydroxy-purine; but this is based solely on an impression that the amino substitution is unlikely from our present knowledge of the behavior of urate in the body.
Two findings appear to be of practical clinical importance. The observation that a gouty tophus contains only true urate and no chromogen, endogenous or exogenous, when considered in the light of our present knowledge that dietary methylxanthines give rise to methylurates and not to uric acid, appears possibly to indicate that the patient with gout need no longer be penalized by having coffee, tea and chocolate removed from his diet. So far as accelerating the rate of tophus deposition, these beverages appear innocuous.
The other, probably more important, conclusion bears upon the moot question of the reliability of the colorimetric estimation of urate. Our data show quite clearly that the relation between true urate and total urate in normal and gouty plasma and urine is so uniform that, if desired, true urate may be estimated from total urate values by a conversion factor. In addition, a large body of urate clearance data obtained by various investigators before the introduction of the uricase method has been shown to be almost as accurate as if true urate clearances had been studied, since the total urate clearance is almost exactly equal to the true urate clearance.
There is no question that one should use true urate determinations for maximal physiological precision, or when studying material other than human plasma and urine. However, when an estimate of the quantitative rate of nucleoprotein breakdown or turnover is desired, total urate determination appears to give a more complete picture. The chromogens discarded in the true urate determination appear to be as much a part of nucleoprotein metabolism as is true urate and, in fact, may arise from urate in the body. Only under unusual conditions, such as the ingestion of massive doses of caffeine, does the colorimetric determination on human plasma and urine become inaccurate. In contrast, the colorimetric determination of urate in human plasma or urine appears to be an entirely satisfactory method for clinical use and rather gains, than loses, in value because of a slight degree of non-specificity.
SUMMARY
Biological fluids contain material which gives the arsenophosphotungstate reaction for urate but which is not attacked by uricase. A portion of these chromogenic substances appears to be purine in nature and endogenous in origin. In many ways this endogenous uric acid-like chromogen resembles true uric acid, but it also has several differences in behavior.
The chromogen is known to be endogenous in origin since neither its plasma concentration nor urinary output is markedly affected by fasting. Unlike urate, it is not precipitated by silver, and it is somewhat more diffusible through cellophane and through the blood-brain barrier than is true urate. Increased urate production due to leukemia or induced by the feeding or injection of urate precursors leads to increases in chromogen production. This also occurs, however, when urate is injected intravenously. The 
